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@ Expanded articles of biodegradable plastic material are produced by agglomerating expanded particles with 
density from 0.1. to 0.003 g/gm^ and size from 0.5 to 10 mm of diameter, made of a material comprising: 

- from 50 to 95% by weight of thermoplastic starch; r 

- from 0.5, to 45% by weight of at least one themnoplastic polymer - v 
from 2 to 20% by weight of water 

subject to a heating treatment and/or a treatment with aj least one coating agent in order to modify their surface 
so that they can steady interact when brought into intimate contact • r ^ > ; / 
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orocess for preparing them. ^ . ^articular for protective packages, the need is feit to a 

F irooean oatent appiication EP-A-0 375 «3i °'sao5« -haracteristics. These foamed arbcles are^i^^ v^ 

-rTfoanad partldas «Nch «^ " ^<^^ and .%ka pra-araW, c»,pd«d 
oxvpropylaled starches, acetate starches. ''"f^f^^'X^cheT oxidized starches, cross-linked starches^ 

s^ricSr^^^^^^ ^^"^^ " 

n^Sve starch . normaiiy us. ^o. ~ *t to any preiimin^ dehydra^on. »ts water 

content of approximately 9-16% by we^t ^ts of foamed particles are selectedjwn- 

The thertnoplastte polymer vrtt.ch^b«Mus^ ,^ ^„„;o8^ denvatives.^ 

, Polymer from natural origin, either within the range of from 1 to 

'ceLL acetate. '^^^T' .^Zi^"^^^^^^^^ 
2.5. possit,.y 9^^^:^"^^^^^^ or casein and caselnates; 
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. poly(epsilorvcapro1actone). or its graft or block copolymers, the reaction products of caprolactone 
oligomers or polymers with aromatic or aliphatic isocynates. ,.. » .r. . r.:. - . 
, -I lactic add of lactide polymers, glycplic add,,or pplygllcolide. polymers, lactic add and glycolic aad 

...;-,ji::co[X)lymers,^3-:«a i^^i^-^^^'.SHf'^iK 

- polyhydroxybutyrate or polyhydrojqrbutyrate^alerate, V 

- polyalkylene sucdnates and. in particular, polyethylene-, or. polybutytene succinate, polyettiytene- 
or pohrbutytene adipate. polyethylene- .or. polybutylene sebacate. polyethylene- or polybutylene 
azelate. polyethylene- or propybutylene brassiiate and copolymers thereof, possibly copolymenzed 

. „ , wth aliphatic or . aromatic, isocynates. . possibly being increased by 

■-•:;means:of.chain extenders;v;s:v-v«ii?%l&:^i;^s^^ ^ ■ 

iii^Rolyrnersccapabletof^oriningzrvs^J^;^^ 
groups intercalated . with hydrophobic-sequenc^i^^ 

- - ethylene-vinyl alcohol copolymers containing up to ,50% by weight, preferably 10-44% by weight. 
' Of ethylene units, oxidised ethylene-vinyl alcohol copolymers, or ethylene-vinyl alcohol copolymers 

terminated with fatty adds. ,or..grafted.,. with , ^^^^ with acrylic of 

methacryloc monomers and/or pyridiniumi a t - - . ? s 

- ©thylene-vinyl acetate copolymers, which may also be partially hydrolysed. 

- ethylene-acrylic esters copolymers. . v - : >. , . «. i * 

- ethylene-acrylic- esters-maleic anhydrideupr ethylene-vinyl acetate-glycidyl methacrylate ter- 

^ - SliH^rcopolymers with" unsaturated adds, such as acrylic acid, methacrylic acid, crotonic add, 

. itaconic add. maleic, anhydride, nand so .forth, in particular ethylene-acrylic add copolymers 
containing 5-50 %*;by moli and preferablysI0r30%. by mol. of units derived from acrylic acid 

- ethylene tennopolyrnerjwith>Adnyl,ac©tateijW^^ pa^ally hydrolysed. with 
25 : .a acryfic or methacrylic or ' ' . 

aliphatic 6-6. 6^ or 12 j polyamides.. anphatic«,pplyurethanes. , r^ block polyuretane- 

..-polyamkle.:trpolyurethanei)olyester/T 
■-...-vj polyether.-pdyesterrpolyether,copolymere<C%4t3feJ*^^ >-t.-^-- ; •• 

iv Polymers capable of forming hydrogen bonds with starch, in particular poly(vinyl alcohol) in vanous 
hydrolysis degrees. -possibly. modmed*,with^taaylat^^^^^^ alcohol) previously 

plastidzed or modified in order to, reduce the melting point thereof, possibly containing gelling agents. ^ 
boric acid, borates or. phosphates, vinyl acetate copolymers On various hydrolysis degrees) with 
vinylpyrrolidone or styrene. polyethytoxazolines. polyvinylpyridine.,, r . . 
Preferred thermoplastic polymers are poly(vinyl alcohol), the copolymers of an olefinic monomer, 
preferably ethylene, with a monomer selected from vinyl alcohol, vinyl acetate, acrylic acid and methacrylic 
add. aliphatic fwlyesters. sudi as polycaprolactone. poly(butylene sucdnate) and their copolymers, and 
aliphatic poiyamides. . ; vi;X~ ■ - . ... 

The foamed particles which constitute the foamed articles of the present invention preferably contain a 

The amount of such a nucleation agent in the foamed material is comprised within the range offrom 
0.005 to 5% by weight, preferably of from .0.05 to , 3% by weight, still more preferably of from 0J2 to 2% by 

-U^le nucleation.".agentsi..are., e.g.sf Inorgarte^^compdunds. 5»;.t^^^ (magnesium silicate), calcium 
carbonate, and so forth, possibly previously as sitenes^titanates. and so forth. fillers 
can be used, as yeast shells from sugar beet processing, dried, ground and powdered sugar beet flesh, 
wood powder, cellulose powder, and so forth. .v. r • 

The nucleation agent can be added to the . mixture used to prepare the foamed parbcles^ or 
alternatively, it can be added to the foamed partides as a masterbatdn. In the latter case the masterbatch 
can contain from 10 to 50% of one or more fillers. 

The foamed particles can furthermore contain one or more slip, agent (s) and/or dispersants having a 
hydrophile/lipophile balance Index ("HLE") comprised within the range of from 3 to 25. preferably 
comprised within the range of from 6 to 20, When used, these agents van be present In amounts compnsed 
within the rang of from 0.01 to 5% by weight, preferably of from 0.1 to 3% by weight 

The foamed particles can also contain on or more plastici2er(s). When used, said plasticlzes can be 
present in amounts comprised within the range of from 0.5 to 20% by weight, preferably of from 0.5 to 

^'°°u2able ptestidzes are. e.g.. those as disdosed in published International Patent Application Publ. No. 
WO 92/14782. the content of which is incorporated to the present disctosure. Particularly suitable for use as 
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plasticlzes are glycerol, sorbitol, mannitol. erythritol. low molecular weight poly(vinyl alcohol), their ox- 
yethylated and oxypropylated derivatives. arKl, furthermore, urea. - ^ - 

Furttiermore. the foamed particles can contain one r more flame retardant(s), which can be added to 
the mixture used in order to prepare the foamed particles or, altematively, can be added to the foamed 
particles as a masterbatch. in particular in combination with the nucleating agent 

When they are used, said flame retardants are present in amounts comprise within the range of from 
0.1 to 20% by weight, preferably of from 1 to 10% by weight still more preferably of from 2 to 5% by 
weight ' 

The flame retardants which can be selected from those derived from phosphorus containing, sulfur 
containing or halogenated products. For example, triphenyl phosphate, tributyl phosphate, tricresyl phos- 
phat^rtribtitoxyphenyl phosphate, melamine pyrophosphate, ammonium polyphosphate, ethylene diamine, 
ammonium polyphosphate, guanidium phosphate, tetrabromophthaficva^^ 

dipheriyl oxide with different bromination degrees, ammonium sulfate, ammoinium sulfamate. and so forth, 
are suitable fro the intended purpose. Ammonium sulfate, ammonium sulfamate, ammonium polyphosphate, 
guanidinium phosphate and melamine pyrophosphate are particulariy advantageous. 

Other useable flame retardants are aluminium bydroxide, antimony oxide, ammonium perborate, 
ammonium octamolybdate. and so forth. 

For particular applications, the presence may be required in the foamed particles of repellent sub- 
stances to rodents, which can be added to the mixture used for preparing the foamed particles, or can be 
added to the foamed particles as active principle containing microcapsules, or as a masterbatch. in 
particular in combination with the nucleation agents and/or flame retardants. 

For that purpose, such substances as N.N-diethyl-m-toluamide. diethylphenyl acetamide, 2-decanal. 
ammonium chloride, potassium chtorale. terpenoids, cycloheximide, diguanidinoazaheptadecane. and so on. 
can be used. Terpenoids, and. in particular, menthol and limonene are prefenred^vlf?iT:>^i^v^? s^i^*\t.iv^:-".-; 

When used, these repellents are present in amounts comprised within the range of from. 0.1 to 5% by 
w^ght preferably comprised within the range of from 1 to 3 % by weightrr y <:-^^r\::--&:^::mi^^M--^^'':y 

The foamed particles wrhich constitute the foamed article of the invention can be prepared by means of 
a process of extaision of the starch based composition, canried out by means of a single screw or twin 
screw'extruder. " ""^ ' - "• ' "i:-'----'-; - - ^- ^^-^/^^;^;r^^^r. 

^ Such an extrusion process, canied out in the presence of a further water amount comprised, within the 
range of from 5 to 20 % by weight causes the starch contained in the composition to get destructured. 
However, water content should be controlled by means of a venting system, so as to have a total water 
content at the nozzle, comprised within the range of from 5 to 20 % by weight. 

As an alternative, granules can be used of a thermoplastic starch previously destructured according to 
such methodologies as know. e.g.. from publishes International Patent Application WO 92/02363 and WO 
92/14728, the contents of which are incorporated by reference to the instant application. 

The above said extrusion processes are carried out at temperatures generally comprised within the 
range of from 150 to 250 • C. with residence times generally of from 20 seconds to 15 minutes. The noodle 
cutting (pelletizing) downstream of the extruder head is canied out at a high speed, so that the molten 
material is cut when it is not yet solidified and therefore the relulstingparticles (pellets) tom into substantially 
spherical particles. The shear values at extruder head generally are higher than 1000 s \ preferably higher 
than 3000 1^^?^ 
^'Another rdute to prepare the foamed particles consists of a treatment of compressing/depressunzing 
non-foarn^ particles having a size comprise within the range of from 20 um to 1 mm; as diameteri Said 
non-foamed particles can be obtained, e.g., by extrusion through multi-bore dies and subsequent head 
cutting, of by grinding larger-size granules. These non-foamed particles are submittes to a pressure 
comprised within the range of from 2 to 100 bars, in the presence of moisture in equilibrium with water 
contained in the materia!, at temperature comprised within the range of from 40 to 200 '0, followed by a 
fast depressurizing. ~ ' ' ^ 

Still another method for preparing the foamed particles consists in submitting the above type of non- 
foamed particles to a healing treatment by microwaves."^^ ' r - : - . ; 

The foamed articles of biodegradable plastic material according to the present invention can t>e 
prepared by means of a process of agglomeration of foamed particles of the above said material. 

Therefor , a furth r object of the present invention is a process fro producing foamed artici s mad of 
biod gradable plastic material, which process comprises the steps of: 

- submitting foamed particles having a density comprised within th range of from 0.1 to 0.005 g/cm^ 
and a size comprised within the range of from 0.5 to 10 mm of diameter with said particles t>eing 
constituted by a material comprising: 
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- .om 50 to 95 by weight. P^^^-^^*^- ^^f^f ^^^^^^^^^ , 

- from 0.5 to 45 %. by weight, preferably from 2 to 35 ^ by weigra, ,. ,^ 

polymer, and ^ ■ • v a rsi o ' ' r,^ 
- from 2 to 20 %. by weight preferably from ^^^J^^^^^^ ^^^^^^^ said particles, 

to a treatment with at least '"^f^'X^th^^ are caused to .come, mto 

rendering them capable of stably interacting with each other .when they are 

^SSTlSS::?^ ^ed particteslnto intimate contact with one another, during a long 

phenome^whentH^r;^^^ 
r- Coam^Q^ o"^ ancEor additives, or water in the gas mte; 

'^:^sZ^':^^^1r':ZL. o^ or syn^«c. polymeric or monomenc 

substances, in said solvents; ^ _ m<iQ(\*C - 

process of ttie present invention are: 

- poly(vinyl acetate); - ^ - , J f . . V , .. * 

> - ^ polyvinyl butyrate); - - . , . "r?. !^^^ or more monomer(^ selected^ from vinyl esters. 

- SoSZoly-ners Of poly(vtnyl alcohol) with poly(vnyl acetate or styrene). 

S!S.Tmodified starch with ester, ether and/or phosphate groups. 

- casein and caseinates; esters such as cellulose acetate and carbox- 

acryloc«le.styiw»ora»yllc «»K aoat-agar. guar gutn, canasssnh,, xanUian aum. 

in the process according to the present '"venton. invention preferably comprises a step of: 

Th proc ss for preparing the foamed articles of *« P^^ 3,gp ^f 

- them^al and/or aeration treatmerjtp^^ 

particles bringing Into Intimate contacts, in ^'^Ij^g^, ^ coating agent, 

^d/or the polymerization of th monomenc ^"^^^^^"^J ^^.^.^ng ^eaLent. 
The resulting foamed articles can be suUable subm tt J to^^ ^,^^^,3 ^ 
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comorises a monomeric substance capable of polymeizing. said post-treatment can furthermore be used In 
SKrSf ^.nSymerization reSon and/or particles agglomeration to «^ f°'^S?°"-,^,n!S^'"^ 
frSment step can ^remiore secure a stabilization of th shape of the obtained arte s of ".anf c^^ 
^^i^^ertTttial th^ coating agent is used in an emulsion form, this can contain emulsifier agen s 
s and^S'^cS "n amoOnts «,m;rised within the range of from 0.05 to 3 % by weigh^ preferably 
S?tf« rahge of from 0 1 to 2 % by weight, still more preferably of from 0.2 to 1 .% by w«ght 
SsSirZu^er agents are, e.g.. the surfactants with a hydrophileAipophile balance index (HLB) 
^ wirn Se^T^from 3 to 25 preferably of from 6 to 20. Particularly effective surfactants are 
;^"^ch derivrfrrStToX^^^^^^^^^ ^iyoxyf^opylene. either by directly esterifying them with fatty 

(4-20 mbl) esterified with lauric.. palmitic or steanc acid, or by 
-itiS fatty adds.' such as. e.g.^ oxyethylated ■ (4-20 jm,!) sortitote 
!!^^S«?wS?^T^Vfat^^. Useable surfactants furthermore are oxyethylates nonylphenols. lanohn 
^^e^^d^S ^.i^am^e oleates. polyglycerol esters of fatty acids. polyoKyethylene eti^ors wrth 
f^^Sho?sS, a^. e.g.. stekHy alcohol, cetyl alcohol or cholesterol. PEG-tallow amine. PEG-castor oil. 
« ^T^Sen^rig ag^ vSi^ch^ be used are. e.g.. sodium carboxymethyicellulose. methyl cellulose. 

"^''SSrd^rjlo^'^Sld--^^^^ the process according to the present invention can be suitably 
/.orriaH rtiit hv ijsina a tvoe of apparatus like the one shown in Figure 1. 

"^Sf^iS^t^ S diTng cXre 1 . the reference numerals (1). (3) and (9) '"^"-^^"^^f ^^^^^^ 
walls%S are pneumatically driven by means of the opening/closure system indicated with (2), (4) and 

^'"^^rSt^ wall (1) open, the foamed particles are charged to ^ "^^"'^^'^^^^ ^ 
wall mis^ dosed and. by opening the separation wall 83). the particles are cai^ to faJI into *e 
lSmS&n^^r 't»^4(Satic«i wa^ (3) is then closes and the atomizer unit 7. containing ti^e 
Sl^^i^rar?&«^>perafe during a long enough time period irrorder to cause ^ 
SlterTJ^'bSSirated with the coaBng agent; now. the atomizer (7) is stopped and. by opening 

and oS^ respectively, of the mould, are kept in such a position that the width of the air gap Of) toN^een 
*erW®Si£^fe'diarit^ of ttie pellets: the separation wall (9) is ti^m dose and. by o^*® 
SSn (S? ^^^Les are fed to the rnould inside which they are submitted to pressure; toe mould if 
Swo^tUd by means of ttie piston (17). in order to recow^ ^ ^, 

to^ prefLd embodiment, the process of ttie present '"^^'^^'^J^'^^ZTZ 
cbJ^Z submitting toe foamed particles to ttie treattnent witti tiie coating agent, directiy along toe 
SS^SLuoComiSig dumber in^ apparatus nice toose used to sinter foamed polystyrene particles 

" ^"ti^rcl^S^gerJ'can be suitobV fed directiy torough toe bores of toe mould, after charging toe 

'°^^'SS°^ptes are supplied fro merely illustrative purposes and are not limitative of toe 
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Characterization - - 
Resilience Test ";-[;^::^ " 
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TWs^test is ^ in order to measure the material capability of recovering its initial shape after being 
submitted to the action of a force which caused it to get deformed. ^ ^ , 

T^indriS ~Iiner of 125 mm of diameter and 150 mm of height is filled wito fo^ed particles, 
whid^ 3e SSzSt^ toe flat sensor of a force gauge, moving forwards wito toe speed of 25 -^rn/minute^ 
^Jl senLTSses Z particles by 33 % of cylinder height, toen retoms back to rts^njg Pos^n.^e 
miniite later: toe sensor performs a second particle compression treatonent. according to toe same 

"°'re'L'SiS^'vS° Sported as a % value. Is toe ratio of toe applied force for toe first compression 
stroke, divided by ttie applied force for ttie second compression sttoke. times 100. 

65 Density 

Dapp (Kg/cm3) Bulk density of foamed particles, calculated from toe weight of a 5-litre volume of 
particles; 
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dbutk (Kg/cm3) pycnometric density of the individual foamed particles; . . 
dexp(Kg/m3) Pycnometricdensityof the foamed article of nrianufacture. r e; . 

EXAMPLE 1 . > 

A mixture was prepared writh the folloYwng composition: V 7: :¥[ ■ :: 

- 75 %. by weight, of potato starch: 

- 10 %. by weight, of poly(vinyl alcohol) with the hydrolysis degree of 86 ^: and r 

■ 'Tir:i^^'^T£io a twin-screw extruded APV 2030 wlth.^lamete,,(cO,^ J^,m|:|d^ 
lehgthidiam^r ratio mm = 30. The operating conditions were as follows:^^: ^ 

- screw revolution speed (rpm) = 150: -r > . 

- temperature profile: 69 -C/IOO -C/ISO •C/170 -0/155 -C; . . : 

- extruder throughput 10 Kg/h. ^ 

The event was so adjusted as to keep a total water content of about 14 ^. L ^.H ^ ir 

Z ZlZe6 pelL. together with 0.5 % of talc with average 
w«J^ to a sinale-screw extruder ex OtulC. with ?liameter (d) = 40 mm and tength:diameter rabo [(Ly(cO] 
r^s!^,;^^ wi^n^der head with 4 nozzies with diameter (d) = 0.8 mm and length-diameter ratio 

l(Ly)d)]<1- 

20 The operating conditions were as follows: 

- screw revolution speed (rpm) =40: 

- temperature profile: 80-C/120-C/190«C/190-C«00-C: 

- extruder throughput: 52 Kg/h. 

- head cutting blade revolution speed: 4.000 rpm. , ^. ^ ' -'''''^^'■^tL^ ^' '''''' ' 
25 Pellets of foamed material were obtained, the characteristics of which are reported in Table,1,,,- ..rf . - 

EXAMPLE 2 . ^ .^j.;;. 

The operating procedure was the same as of Example 1. but a mixture with the following com^ition 
30 was used: - - . 

: S 5:^^ tSi. o/SS^ning 44 % of ethylene units by U with hydi^lysis ^ J^^ 
%.and Mw = 70.000; 

- 10 %, by weight, of water; and 

35 - 1 %. by weiaht. Of glycerol HDonooleate. ^ 

The w^Ir content in ie pellet is of approximately 10 %. The characteristics of the foamed pellet are 

reported in Table 1. 



40 



EXAMPLES 

The operating procedure was the same as of Example 1. but a mixture with the following compositi^^ 



was used: 



45 mw = 70,000; 

- 8 %. by weight of polyvinyl alcohol with hydrolysis degree of 86 /o; 

- 6 %, by weight of water; and 

- 1 %, by weight of glycerol monooleate. . x ^ * ' ..^^n^+^r^ 
The water content in the pellet is of approximately 12 %. The charactenstcs of the foamed pellet are 

50 reported in Table 1. 



EXAMPLE 4 

The operating procedure was the same as of xample 1. but a mixture with th following composition 

55 was used: 

- 69 %, by weight, of potato starch; 

- 10 %. by weight, of polycaprolactone UC PCL 787; 

. 5 %. by weight, of Pelielhane (2102-85AE9. a caprolactone-urethane block copolymer; 
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- 15 %. by weight, of water; and ^ ^ 

- 1 %. by weight, of gtycerol monooleate. - - 

The water content in the pellet is of approximately 10 %. The characteristics of the foamed pellet are 
reported in Table 1 . 

6 

EXAMPLES 

The operating procedure was the same as of Example 1, but a mixture with the following composition 
was used: 

10 75 %; by weight, of potato starchr^^^" ^ vn ^c : : : ; v , , : . - 

- 10 %, by weight of a Dow Chemical's ethylene-acrylic add copolymer containing 20 % of acrylic , 
units by mo!; and 

- 15 %. by weight, of water. 

The water content in the pellet is of approximately 10 %. the characteristics of the foamed pellet are 
16 reported in Table 1. 

EXAMPLES 

The operating procedure was the same as of Example 1 . but a mixture with the following composition 
20 was used: 

- 75 %, by weight, of potato starch; 

- 10 %, by weight, of cellulose acetate with substitution degree 2.5, plasticized with 20% caprolactone; 
and 

- 15 %. by weight of water. 

25 The water cbnterit in the pellet is of approximately 12 %. The characteristics of the foamed pellet are 
reported in Table 1. 

EXAMPLE 7 

The metering chamber 5 of the apparatus illustrated in Rgure 1. of 2 litres of volume, was filled with 
foamed particles obtained from Example 3. 

Then, by following ttie above specified procedure, the pellets were treated with a Vinavil NFC emulsion 
(from Enichem Synthesis) containirig 50 % poly(vinyl acetate), atomized by means of the atomizer unit 7. 

The resulting manufactured articles was submitted to a post-drying treatment inside a chamber 
conditioned at 23 * C and relative humidity (RH) = 30 % during 15 hours. 
The characteristics of the foamed product are reported in Table 2. 

EXAMPLES 

40 The operating procedure was the same as used in Example 7, but this time Vinavil NPC emulsion (from 
Enichem Synthesis) was used diluited 1:10 with water (water:Vinavil). 
. The characteristics of the foamed product are reported in Table 2. 

• EXAMPLE 9 ^ " 

45 

The operating procedure was the same as used in Example 7, but tiiis time Vinavil NPC emulsion (from 
Enichem Synthesys) was used diluted 1 :5 witii water (waterVinavil). 
The characteristics of the foamed product are reported in Table 2. 

50 EXAMPLE 10 

The operating procedure was the same as used in Example 7. but this time Vinavil NPC emulsion (from 
Enichem Synthesys) was used diluted 1*.2 with water (watenVinavii). 
The characteristics of th foamed product are reported in Table 2. 

66 
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EXAMPLE 11 

The operating procedure was the same as used in Example 10, but with the difference that the foamed 
pellets used are those obtained from Example 2. 
6 The characteristics of the foamed product are reported in Table 2. 

EXAMPLE 12 

The operating procedure was the same as used in Example 10. but with the difference that the foamed 
10 f>etlets used are those obtained from Example 1- >V , i-^i i-:: • 

The characteristics of the foamed product are reported in Table 2. ' , V 

EXAMPLE 13 

75 The operating procedure was the same as used in Example 10. but with the difference that the post- 
drying treatment was carried out inside a chamt>er conditioned at 23 • C and relative humidity (RH) = 55 % 
during 1 5 hours. 

The characteristics of the foamed product are reported in Table 2. 
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55 Claims 



1, Foamed material made of a biodegradable plastic material, constituted by agglomerated foamed 
particles having a density comprised within the range of from 0.1 to 0.003 g/cm^ and a size comprised 
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within the range of fronn 0.5 to 10 mm of diameter, which particles are constituted by a material 
comprising: 

- from 50 to 95%, by weight, of thenmoplastic starch. 

- from 0.5 to 45%. by weight, of at least one thermoplastic polymer, and 
5 - from 2 to 20%, by weight, of water. 

2. Foamed article according to claim 1. in which the thermoplastic polymer is selected from poly(vinyI 
alcohol), the copolymers of an olefinic monomer with a monomer selected from vinyl alcohol, vinyl 
acetate, acrylic acid and methacrylic acid, aliphatic polyesters and aliphatic polyamides. 

10 

3. Foamed articles according to claim 2, in which the olefinic monomer is ethylene. 

4. Foamed articles according to claim 2. in which the aliphatic polyester is selected from polycaprolac- 
tone, poly(butylene succinate) and their copolymers. 

76 

5. Foamed articles according to any claims from 1 to 4, in which the material which constitutes the 
foamed particles comprises from 0.005 to 5 %. by weight, of at least one nucleation agent. 

6- Foamed articles according to claim 5, in which the nucleating agent is selected from talc, calcium 
20 carbonate, yeast shells from sugar beet processing, dried, ground and powdered sugar beet flesh, 
wood powder and cellulose powder. 

7. Foamed articles according to any of claims from 1 to 6, in which the material which constitutes the 
foanrted particles comprises from 0.01 to 5 %, by weight, of at least one slip agent and/or a dispersing 
26 agent with a hydrophile lipophile balance index ("HLB") comprised within the range of from 3 to 25. 

8u Foamed articles according to any of claims from 1 to 7, in which the material which constitutes the 
foamed particles comprises from 0.5 to 20 %, by weight of at least one plasticizer agent 

30 9. Foamed articles according to claim 8, in which the plasticizer agent is selected from glycerol, sorbitol, 
mannrtol. erythritol. low-molecular-weight poly(vinyl alcohol), oxyetiiylated and oxypropylated derivates 
of said compounds, and urea. 

Process for producing foamed articles made of biodegradable plastic material, comprising the steps ot 

- submittirig foamed particles having a density comprised within the range of from 0.1 to 0.003 
g/cm^ and a size comprised within the range of from 0.5 to 10 mm of diameter with said particles 
being constituted by a material comprising: 

- from 50 to 95 %. by weight of thermoplastics starch, 

- from 0.5 to 45 %, by weight, of at least one thermoplastic polymer, and 

- from 2 to 20 %. by weight of water, to a heat treatment and/or to a treatment witii at least one 
coating agent in order to modify the surface of said particles, rendering them capable of stably 
interacting with each other when they are caused to come into mutual intimate contact; and 

- subsequently, keeping said foamed particles into intimate contact with one another, during a long 
enough time to cause them to agglomerate. 

Process according to claim 10, in which the coating agent is selected from: 

i. liquid-state water, possibly with the addition of salts and/or additives, or water in the gas state; 

ii. aqueous solutions, suspension and/or emulsion of either natural or synthetic, polymeric or 
monomeric substances, or said substances in the molten state; 

iii. solvents with high enough "wetting power"; 

iv. solutions, suspensions and/or emulsions of either natural or synthetic, polymeric or monomeric 
substances, in said solvents; 

v. polymers with melting point of <130 *C, preferably of <90 • C. 

55 1Z Process according to claim 1 1 , in which the coating agent contains poly(vinyl acetate). 
13. Process according to any of claims from 10 to 12, comprising a step of: 
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- heat treatment and/or aeration treatment, which may be carried out prior to. simultaneously with, 
or later than, the steep of t>ringinQ the particles into mutual intimate contact, in order to facilitate 
the evaporation of the liquid substances, and/or the polymerization of the monomeric substances 
present in the coating agent 

6 

14. Process according to any of claims from 10 to 13. comprising a post-drying treatment consisting in 
drying the obtained foamed article in a dry, humkJ or conditioned environment 
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